Abstract
Results
In our study, 772 (79.4%) of the surveyed subjects self-treated during the previous twelve months. Among them, 253 (32.8%) used health insurance. Subjects' characteristics were associated with insurance utilization and expenditures for self-treatment. Total cost was positively associated with insurance utilization. The subjects with a junior high education (pvalue < 0.001, aOR = 0.049) and senior high education (p-value = 0.020, aOR = 0.146) had a lower probability of using insurance. For both total costs and out-of-pocket costs, subjects who were 51 to 60 years old had lower costs. The subjects who were seriously sick and had a primary school education, as well as enterprise occupations, had higher costs. Self-treatment times were also positively associated with costs. Finally, it was found that subjects who didn't use insurance had lower total costs. PLOS Introduction this could contribute to reducing the costs of treatment as well as traveling and advisement time for patients [14, 15] . On the other hand, the negative effects of inappropriate self-treatment cannot be ignored either. Inappropriate self-treatment, including incorrect self-diagnosis, abuse of medications, unexpected side effects and interactions with other drugs, can result in harm to the body [8] .
In previous studies, some efforts were made toward investigating the status, patterns, and related factors of self-treatment. A cross sectional study observed a significantly higher proportion of self-treatment in the urban areas of China and identified economic and some individual factors positively associated with the probability of self-treatment [7] . It was discovered by Quynh that 47.5% of subjects who were workers aged 15 to 60 had self-treatment and the presence of acute health symptoms and chronic diseases were significant factors related to the choice of self-treatment in the suburban area of Vietnam [16] . A questionnaire-based study reported that the most common impetuses for self-treatment were to relieve the symptoms of headache; cough, cold, and sore throat; stomachache and fever among college students in Bahrain [17] . In recent years, medical expenditures [18] [19] [20] [21] [22] and health insurance [21, [23] [24] [25] [26] , which are closely linked in patients' vital interests, together with associated factors, have been important topics in many studies. In 2012, a survey which was conducted in two villages in Beijing observed a positive association between out-of-pocket (OOP) medical expenditures and age [19] . Other studies on healthcare expenditure showed that household income, the presence of chronic disease [20] and the usage of insurance [21] [23] had significant influence on healthcare expenditure.
Our study differs from the existing literature in the following ways. First, we explored selftreatment among the middle-aged and elderly populations, who are generally considered to be a relatively unhealthy and financially disadvantaged group in China, inclined to choose selftreatment when ill. Not much research on self-treatment has focused on these populations. Second, this study was conducted in the province of Shanxi, which is representative of other highly populated, agriculture-dominated, underdeveloped areas in China. Shanxi, for example, is a less-developed province, with a per capita gross domestic product [GDP] of 34,919 (RMB) in 2015, compared to the national per capita GDP of 49,992 (RMB) [27] . With the low economic status, health care in such areas is more challenging and may warrant more attention. It is noted that a large area in middle and western China has similar economic and health care conditions as Shanxi. As such, the observations made in Shanxi are expected to hold broadly. It is also necessary to explore multiple aspects of self-treatment in Shanxi. Thus, third, instead of researching one aspect of self-treatment, our study provides a descriptive overview of the topic. This study served three purposes: to detail the characteristics of subjects who employed self-treatments and describe participants' self-treatment behaviors; to describe the insurance utilization conditions and explore its related factors; to analyses expenditures in self-treatment and examine its associated factors.
Methods

Study site
A household survey study was conducted in Shanxi in July of 2016. To obtain observations reflecting the actual situation of the whole province, we selected nine cities in Shanxi: three cities with a per capita GDP higher than the average level (Taiyuan, Shuozhou, Jincheng), three around average (Jinzhong, Datong, Linfen), and three lower than average (Lvliang, Yuncheng, Xinzhou). The survey locations are presented in Fig 1. 
Human subject protection
The study was approved by a research ethics review committee at Taiyuan University of Technology. All data were kept strictly confidential. To guarantee the high quality of data collected, all interviewers who were undergraduates from Taiyuan University of Technology were asked to attend training sessions before the survey process began.
Sampling and recruitment
The surveys were distributed and collected in person. Sampling was conducted in three stages. First, rural and urban communities that are geographically well separated were selected. Macro data such as per capita GDP and population density were considered to achieve representativeness. Within communities, households were randomly selected. Finally, subject was randomly selected in a household. The subjects were those who were older than 45 years and had had at least one disease episode during the previous twelve months. At the beginning of each survey, the interviewer introduced the nature and purpose of the survey. Each interviewee was asked to sign an informed consent form. An interviewee was excluded if he/she refused to participate. Also, to ensure the diversity of samples, only one subject at most from a household was interviewed.
Study instrument and measures
The questionnaire was composed of two sections: subjects' characteristics and self-treatment. The sections on subjects' characteristics inquired about gender, age, marital status, area, Descriptions of self-treatment for the middle-aged and elderly in Shanxi, China education, occupation, type of hukou (which is a household registration issued by the central government and determined urban or rural area of a subject), household/personal capital income per year, household permanent resident population, physical conditions, presence of chronic diseases, and health insurance coverage. The section on self-treatment covered the reasons for self-treating, self-treatment times, self-treated diseases, approaches, insurance utilization for each self-treatment, lost income due to self-treatment, and expenditures for selftreatment. The "total cost" in the study refers to the total cost of treatment and transportation/ food/accommodations, as well as lost income during self-treatment. The OOP cost was calculated by subtracting the reimbursement from purchased OTC medicines from the total expense.
Data collection procedures
A total of 1,100 questionnaires were distributed during the study period, and 972 completed responses were analyzed after a review, yielding a response rate of 88.4%. 200 subjects (20.6%) were found to not have engaged in self-treatment during the previous twelve months. We deleted these data points, so the research population in this study was 772 individuals who engaged in self-treatment during the previous twelve months.
Data analysis
Due to the consideration of sample diversity, only one person from a household was sampled. Summary statistics were computed on the subjects' characteristics for the whole cohort, as well as for subgroups stratified by the decision to utilize self-treatment or not. For simplicity, the variable of age was discretized into four groups of different levels. The variables of normal distribution were described by mean and standard deviation, and categorical variables were described by frequency. In the univariate analysis, subjects' characteristics were compared to different self-treatment statuses to identify factors affecting the decision to self-treat. Additionally, p-values were computed from Pearson's Chi-squared tests for categorical variables and ttests for continuous variables. The p-value of < 0.05 was significant for all tests. Then, multivariate analyses were conducted, accounting for confounding effects. The focus of the first multivariate analysis was insurance utilization, which was a binary response variable. Gender, age, area, marital status, education, occupation, per capita income, health status, the presence of chronic diseases, self-treatment times, total cost, and OOP cost were explanatory variables. A logistic regression analysis was conducted to identify factors associated with insurance utilization, and the adjusted odds ratios (aOR) and p-values were computed. In the second analysis, the multivariate linear regression with medical expenditures (total and OOP medical costs) was analyzed. The explanatory variables in the analysis included gender, age, area, marital status, education, occupation, per capita income, health status, the presence of chronic diseases, use of insurance, and self-treatment times. The estimated regression coefficients and their significance levels were computed. All the statistical analyses were conducted using SPSS 17.0.
Results
Characteristics of self-treatment
The characteristics of all the participants are presented in Table 1 . A total of 772 (79.4%) surveyed subjects received self-treatment during the previous twelve months. Of that number, 537 (55.2%) were male, and 498 (51.2%) were urban residents. In addition, the subjects were mostly distributed in the > 70 age group (33.0%). During the twelve months prior to the survey, 734 (75.5%) subjects had chronic diseases. The probability of using self-treatment was positively associated with chronic diseases (p-value = 0.000). Thus, the subjects who had chronic diseases were more likely to administer self-treatment. have shown [1, 4, 13, 28] , self-medication is the most common form of self-treatment. Besides this, self-injection and folk treatment had 96 and 76 counts, respectively, followed by a "waiting and watching" approach (10 counts). In self-treatment, the most commonly selftreated chronic disease was observed to be hypertension (168 counts). Next came an upper respiratory tract infection (132 counts), followed by diabetes or hyperglycemia (85 counts). Arthritis, stomach, and digestive diseases had 51 counts. Other diseases accounted for less than 5% of the subjects who utilized self-treatment. Some of these results are shown in Fig 2c. 
Insurance
The reasons for not using health insurance are presented in Fig 2d. In this area, 253 (32.8%) subjects used insurance in self-treatment. The most common reason for not using health insurance was that the expense could not be reimbursed (316 counts), accounting for 40.9%. The reasons of "the expense was not high" or not having insurance were chosen by 111 and 58 subjects, respectively. Also, the "procedure of using insurance is too cumbersome" (48 counts) and "do not know how to use insurance" (19 counts) were chosen by a small number of subjects.
The multivariate logistic regression analyses results for insurance utilization are shown in Table 2 . Among them, "per capita income" and "self-treatment times" are quantitative variables, while the rest are qualitative variables. Total cost (p-value < 0.001, aOR = 1.043) was significantly associated with insurance utilization status. Subjects with higher total costs were more likely to use insurance in self-treatment. Subjects with a junior high education (pvalue < 0.001, aOR = 0.049) and those with a senior high education (p-value = 0.020, aOR = 0.146) were less likely to use insurance in self-treatment.
Expenditure
The average total cost for subjects utilizing self-treatment was 2,450.17 (RMB), the average amount paid by insurance was 445.03 (RMB), the average lost income during treatment was 341.09 (RMB), and the average OOP cost was 2,190.30 (RMB).
The multivariate linear regression analyses results are presented in Table 3 . In the first analysis set, age, education, occupation, health status, insurance utilization status, and self-treatment times were found to be associated with total costs. For age, based on the 45-50 group, subjects aged 51-60 years old (estimated coefficient = -1787.858, p-value = 0.028) and above 70 years old (estimated coefficient = -1805.095, p-value = 0.037) were more likely to have less total costs at a significance level. With the no-schooling group as the baseline, the subjects with a "primary education" were positively associated with total cost at a borderline significance level (estimated coefficient = 1579.521, p-value = 0.040). With the government group as the baseline, enterprise employees were observed to have significantly higher total costs (estimated coefficient = 3120.558, p-value = 0.025). Subjects with seriously sick status were more likely to have higher total costs. In addition, insurance utilization (estimated coefficient = 1173.302, pvalue = 0.021) and self-treatment times (estimated coefficient = 633.662, p-value < 0.001) were found to be positively related with total cost at a significance level. In the analysis of OOP cost, the factors of age, education, occupation, health status, and self-treatment times were significantly related with OOP cost in self-treatment (p-values: 0.037, 0.030, 0.029, 0.050, and < 0.001, respectively), whereas insurance utilization was not a significant factor anymore.
Discussion
Characteristics of self-treatment
As an alternative to hospital-based approaches, the role self-treatment plays in health care should not be ignored, as described earlier. In this study, the prevalence (79.4%) of self-treatment in Shanxi was high among the middle-aged and elderly populations. Among the selftreated patients, 93.9% opted for OTC medicines, which was the most popular self-treatment behavior surveyed in previous studies [29, 30] . The diseases self-treated were hypertension, diabetes or hyperglycemia, and upper respiratory tract infections, and these diseases are common among the middle-aged and elderly. This point is consistent with the results of previously published studies [1, 28] . As discussed above, self-treatment is common and serves as a suitable complementary to hospital-based treatment for treating these common chronic diseases. Clinical doctors should be aware that there are still some patients with chronic diseases who choose self-treatment instead of visiting hospital service. However, the basic health insurance system in China has been experiencing fast developments in the past decade and will continue developing in the next years, with more chronic diseases covered and easier to access, which may cause more chronic diseases treated in hospitals in the next few years.
Insurance
Most of our results are consistent with previously published studies [23, 31] . In the multivariate logistic regression, only education and medical expenditure (total/OOP costs) were found to be significantly associated with insurance utilization, accounting for confounding effects. The effects of health expenses might exacerbate poverty and poor health, particularly for subjects with low incomes [32] . Basic medical insurance is the major source of health care financing Descriptions of self-treatment for the middle-aged and elderly in Shanxi, China and payment in China [33] , with the aims of alleviating the economic burden caused by diseases and improving the well-being of individuals. Therefore, the target populations for insurance are economically disadvantaged groups (for example, the uneducated group). It is, therefore, not surprising that compared with the uneducated, those with junior and senior high educations are more likely to self-treat without insurance. As discovered in previous studies [31] , health insurance increased the risk of medical spending. And, more total cost usually corresponds to more serious diseases and a higher probability of using insurance. On the other hand, a small amount of reimbursement by insurance could reduce the actual medical costs and corresponds to narrowly less OOP costs. In contrast, age and area were not significant factors.
From the perspective of government, it is expected to carry out universal education on health care, especially for the disadvantaged population. It is easier for subjects with higher socioeconomic statuses to learn about updated insurance policies and related instructions. Enabling health insurance to play an effective role in relieving the pecuniary burden on selftreatment patients is suggested.
Expenditure
One purpose of our study was to explore the relationship(s) between certain characteristics and expenditures in self-treatment. For the total cost and OOP cost of self-treatment, the multivariate regression results show that subjects 51-60 years old had lower costs. The subjects who were seriously sick and who had primary school educations or enterprise occupations had higher costs. Self-treatment times are positively associated with the cost. Also, it was found that subjects who didn't use insurance had a lower total cost.
The results above have intuitive and reasonable interpretations. In China, the legal retirement age is no less than 50. In the 45-50 age group, most of the middle-aged subjects were still at work. Since the lost income during treatment was also included in total expenses in this survey, we found that the "youngest" group was likely to incur more lost income and total/OOP medical expenses. The occupational differential is also recognized in China. Small, private enterprise employees are likely to earn more compared to government staff. Moreover, the prevalence of self-treatment increased with higher education levels, representing greater knowledge of medicines and economic power [34] . Subjects with higher educational or occupational levels are more willing to treat themselves frequently and have easier access to those relatively costly traditional therapies that cannot be reimbursed, therefore leading to more total/OOP costs. On the other hand, patients with less education may give up self-treatment because of a lack of knowledge about pharmaceutical products [35] , which results in less medical expenditure. What's more, the "very unhealthy" group and self-treated times all had significantly positive associations with total/OOP costs, with more unhealthy statuses and selftreated times corresponding to more serious diseases and medical costs (total/OOP costs). Still, while using health insurance in self-treatment significantly increased the total cost, it did not make a significant difference in OOP costs. Because insurance reimburses part of the medical expenditure, people who use insurance spend more money for better treatment. In fact, the OOP cost will not change. The reimbursement for OTC medicines narrows the gap but makes no significant difference in OOP costs between insurance utilization statuses. This result reflecting the role health insurance plays in reducing medical expenditures in self-treatment is limited. The findings above were partly consistent with previously published ones [36, 37] . Marriage status and per capita income, though, were found to be insignificant. And chronic diseases were also found to be insignificant, which differs from previous studies [38, 39] . The reasons leading to these differences may be because the study focused on the population of the middle-aged and elderly and also medical expenditure may vary with local economic growth or alteration of the attitude toward receiving treatment with medicine.
Limitations
With the survey in Shanxi, the cross-sectional, descriptive data were collected and had some limitations. First, limited resources made the sample size also limited, and the information collected might not contain other important variables. On the other hand, the information collected in this study basically contains all the variables we needed, as well as the variables studied in previous research, and thus could show a comprehensive-enough overview of selftreatment. Second, this study still has some information bias that could not be avoided in such a cross-sectional survey, including potential recall bias, especially for information on illness conditions and medical expenditure. However, there is no complete and reliable system or hospital-based database to record information about self-treatment at any time. The only way to collect information about self-treatment is using questionnaires. Third, this was a cross-sectional survey, which did not allow us to assess causality or the directionality of relationships. Fourth, this study didn't cover all age groups, instead focusing only on middle-aged and elderly subjects (45 years old and older). However, middle-aged and elderly subjects are generally considered to be a relatively unhealthy and financially disadvantaged population in China, inclined to choose self-treatment when ill. Thus, this age group is representative. Finally, as with other studies [1, 3, 4] , we chose 0.05 as significance level, it might be suspect because of potential multiple comparisons. Associations with less facial plausibility should be considered suggestive, but that these results would need to be confirmed.
Conclusions
This study focused on a comprehensive description of self-treatment among the middle-aged and elderly populations in China. It was found that self-treatment has a high prevalence (79.4%). The results of this study show that self-treatment is common and provide a better understanding of self-treatment behavior. Age and education were found to be associated with insurance utilization, occupation, health status, insurance utilization status, and self-treatment times were associated with total costs, the factors of age, education, occupation, health status, and self-treatment times were significantly related with OOP cost. Such results may be helpful for policy interventions, which are needed to further improve the effectiveness of health insurance among the relatively unhealthy and financially disadvantaged populations in China. Can self-treatment be a good complementary approach to treat some high cost chronic diseases? What are the common healthcare outcomes in relation to self-treatment? These could be future research topics. 
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